ftD-fll40  822 
UNCLASSIFIED 


LUMINESCENCE  TITRATIONS  OF  POLVELECTROLVTESIU)  TEXAS  A  1/1 
AND  H  UNIV  COLLEGE  STATION  DEPT  OF  CHENISTRV 
E  R  ALVARE2-R0A  ET  AL.  01  NAV  84  TR-5  N00014-82-K-0612 

F/G  7/4  NL 


miCROCOPV  RESOLUTION  TEST  CHART 

NAT10NM.  eUACAU  OF  STAMOMO$-1969-A 


AD- A 140  823 


ft 


'y 


OFFICE  OF  NAVAL  RESEARCH 
Contract  N00014-82K-0612 
Task  No.  NR  627-838 
TECHNICAL  REPORT  NO.  5 


Luminescence  Titrations  of  Polyelectrolytes 


by 


Edwin  R.  Alvarez-Roa,  Nelson  E.  Prieto  and  Charles  R.  Martin 


Prepared  for  Publication 
in 

Analytical  Cheaiistry 


Dapartaent  of  Piealstry 
Texas  Attf  Qnlverstly 
College  Station,  Texas 


May  1,  1984 


S 


DTIC 

ELECTEf^. 
MAY  4  1984  !  i 


Reproduction  in  whole  or  in  part  is  pemitted  for  any 
puxpoae  of  the  Ikilted  States  Goveznaent 


*  This  doctaient  has  been  approved  for  public  release  and 
sale;  its  distribution  is  mlialted 


O5  04  022 


UNCLASSIFIED 


SieuWTV  CkASMFICATION  Of  THIS  HAOK  Cfltm  Omm  Calw«4 


REPORT  DOCUMENTATION  PAGE 


Technical  Report  No.  5 


4.  TITkl  SHMIltoi 

LUMINESCENCE  TITRATI(»«S  OF  POLYELECTROLYTES 


READ  mSTRUCnONS 
BEFORE  COMPLETING  FORM 


S.  RBCIFIENT’S  CATALOO  NUMBCR 


S.  TYPE  OP  REPORT  A  PERIOD  COVERED 


Technical  Report 


AuTHoers) 

Eduln  R.  Alvarez-Roa,  Nelson  E.  Prieto  and 
Charles  R.  Martin 


t.  PBRPeNMINO  OROANIZATION  NAME  ANO  AOOREU 

Department  of  Chemistry 
Texas  A&M  Uhlverslty 

College  Station,  Texas  77843  _ 


M.  eONTROLLINa  OPPICE  NAME  ANO  AOORESS 

Office  of  Naval  Research 
800  North  Quincy  Street 
Arllneton.  Vlrslnla  22217 


NTRACT  or  grant  NUMECRfai 


N00014-82K-0612 


NITORINO  AOENCV  NAME  A  AOORESSflf  MMmmK  bmm  OtUtm) 


IS.  REPORT  DATE 

May  1,  1984 


IS.  NUMEER  OP  PAGES 

31 


IS.  security  class,  a  Mia  raRWtj 


UNCLASSIFIED 


ISa.  OECLASSIPICATION/OOWNGRAOm 
SCHEDULE 


A.  OISTRiaUlTON  STATEMENT  (•!  Mia  Raparl) 


Approved  for  Public  Release;  Distribution  Unlimited 


IT.  mSTRISUTlON  statement  fal  Ma  aAatratl  aalaaaG  M  afaaA  SO,  II  Mllarant  Inm  Rapaf«> 


It.  KEY  WRDS  fCanlAMM  aa  laaaraa  alGa  Ifnaaaaaaq'  ant  UmMlf  Ar  AlaaA  iwAar) 

Polyelectrolytes,  lon-Contalnlng  Polymers,  Polymer  Analysis 


aa......QNTRACT  fCaRiNipa  an  mvaraa  alGA  It  naaaaaaiy  nnG  IGanrtiy  Af  AlaaA  naMAaaj 

^*When  an  anionic  polyelectrolyte  Is  added  to  a  solution  of  a  cationic 
lumophore  (the  probe),  binding  of  the  probe  Ions  to  the  anionic  sites  on  the 
polymer  chain  can  occur.  We  have  foixid  that  In  some  cases,  this  binding 
results  In  an  Increase  In  the  probe's  quantum  yield  for  emission.  This  paper 
explores  the  possibility  of  exploiting  this  effect  In  luminescence  titrations 
for  determination  of  either  the  equivalent  weight  (EW)  of  a  polyanlon  or  the 
concentration  of  the  polyanlon  In  solution  (If  the  EW  Is  known).  A  suitable 
probe  cation  Is  Identified  and  luminescence  titration  curves  for  a  variety  of. 


^  "yrg.’y-'T’.T’.T ."y.'  r:  y; »■.’ *■: »-i ^ ■  ;•»  .■  ^  -•^•"^--ir--.,-*- r-v-. 


SIFIED 


S/M  •ira^L^OU'SMI 


UNCLASSIFIED 


•CCUfUTY  eWAMnCATlON  OP  TMM  PAMTVMn 


%•  V  vV  •  T  O  %•  -  •*. 


I 


no 


Lunlnescence  Titrations  of  Poly  electrolytes 


EdMln  R.  Alvarez-Roa*  Nelson  E.  Prieto  and 
Charles  R.  Martin* 

Department  of  Chemistry 
Texas  A&M  University 
College  Station.  Texas  77843 


(AC830786X) 


Brief 


The  equivalent  weight  (g  polymer  per  mole  of  charged  sites)  of  a 
hydrophobic  polyanion  or  the  concentration  of  such  a  polyanion  In  solution 
can  be  determined  by  a  new  luninescence  titration  procedure  using  a 
hydrophobic  cationic  lumophore. 


Abstract 


When  an  anionic  polyelectrolyte  Is  added  to  a  solution  of  a  cationic 
lumophore  (the  probe),  binding  of  the  probe  Ions  to  the  anionic  sites  on 
the  polymer  chain  can  occur.  We  have  found  that  In  some  cases,  this  binding 
results  In  an  Increase  In  the  probe's  quantum  yield  for  emission.  This 
paper  explores  the  possibility  of  exploiting  this  effect  In  luminescence 
titrations  for  determination  of  either  the  equivalent  weight  (EW)  of  a 
polyanion  or  the  concentration  of  the  polyanion  In  solution  (If  the  EW  Is 
known).  A  suitable  probe  cation  Is  Identified  and  luminescence  titration 
curves  for  a  variety  of  polyanions  are  presented.  The  luminescence 
titration  procedure  was  found  to  produce  precisions  of  better  than  5X  and 
accuracies  of  better  than  It  In  titrations  of  the  Na^  salt  forms  of 
hydrophobic  polyanions. 
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Introduction 

Because  polyelectrolytes  are  used  extensively  1n  wastewater  treatment 
procedures  (1,2)»  reliable  means  for  determination  of  polyelectrolyte 
concentrations  In  wastewater  solutions  are  required  (2).  Polyelectrolytes 
are  also  seeing  Increasing  use  as  agents  for  the  preparation  of  chemically 
modified  electrodes  (3*4).  The  equivalent  weight  (EW)  of  the 
polyelectrolyte  (I.e. ,  grams  polymer  per  mole  of  charged  sites)  Is  of 
primal  Importance  for  these  applications  since  the  EU  will  determine  how 
many  moles  of  electroactive  counterions  can  be  attached  to  a  modified 
electrode  surface.  Accurate  procedures  for  determination  of  EWs  of 
polyelectrolytes  are*  therefore*  also  required.  For  example*  we  have 
recently  reported  a  procedure  for  dissolving  DuPont's  Nafion  polymers  (5); 
because  this  procedure  uses  elevated  temperatures  and  pressures  it  was 
Important  to  assess  whether  any  damage  occurred  to  the  polyion  during  the 
dissolution  procedure  (5).  One  way  of  assessing  this  is  through  an  EW 
determination  (5).  McGrath*  et  al.  (6)  have  also  recently  pointed  out  the 
Importance  of  equivalent  weight  determinations  of  ion- containing  polymers 
and  have  commented  on  some  of  the  difficulties  in  current  methodologies. 

The  luminescence  probe  technique  has  proved  to  be  useful  for  studying 
the  chemical  and  morphological  characteristics  of  polyelectrolytes  (7-18). 

We  recently  reported  (16)  a  luminescence  probe  study  of  the  polyelectrolytes 
obtained  by  dissolving  (5)  the  Nafion  polymers.  During  these  studies*  we 
discovered  that  when  a  solution  of  Nafion  is  added  to  a  solution  of  the 
lumophore  Ru(bpy)2  (bpy  ■  2*2'-bipyridine)*  Ru(bpy)2  emission  intensity 
increased  until  a  roughly*  stoichiometrically  equivalent  amount  of  the  Nafion 
was  added*  after  which  a  leveling  In  emission  intensity  occurred  (16). 

Similar  results  were  recently  reported  by  Kurimura,  et  al.  in  a  luminescence 
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probe  stucty  of  a  sulfonated  polystyrene  (15)  and  by  Nagata  and  Okamoto  using 
Tb^  and  various  polyelectrolytes  (18). 

Because  the  emission  Intensity  for  Ru{bpy)^  leveled  after  the 
addition  of  stolchlometrically  equivalent  amounts  of  these  polylons.  It 
seemed  that  this  effect  could  be  exploited  In  a  luminescence  titration 
procedure  for  either  a  deteiml nation  of  the  EW  of  a  polyelectrolyte  or  a 
determination  of  the  concentration  (g  per  unit  volume)  of  a  polyelectrolyte 
solution.  If  the  EW  Is  known.  We  have  conducted  a  series  of  experiments 
aimed  at  testing  the  viability  of  this  proposed  titration  procedure. 
Specifically,  we  have  attempted  to  Identify  suitable  luminescent  probe 
cations  for  the  proposed  titrations  and  to  Identify  the  types  of 
polyelectrolytes  which  can  be  successfully  titrated  using  this  procedure. 

We  have  also  evaluated  the  accuracy  and  precision  of  the  luminescence 
titration  procedure  for  selected  test  polyelectrolytes.  Results  of  these, 
and  related,  studies  are  described  here. 

EXPERIMENTAL  SECTIOW 

Materials.  Ru(bpy)3(Cl)2  (6.  F.  Smith)  and  [l-d1methylam1nonaphthalene- 
S-su1fonam1doethy1]tri methyl anmonliin  perchlorate  (the  cation  Is  abbreviated 
DA*;  obtained  from  Slgna)  were  used  as  received.  Fresh  solutions  of  DA* 
were  prepared  dally.  1100  equivalent  weight  Naflon  was  donated  by 
E.  I.  DuPont  de  Nemours;  Naflon  solutions  were  prepared  using  the  procedure 
of  Martin,  et  al.  (5).  Sodium  po1y(styrene  sulfonate),  100%  sulfonated 
(100-NaPSS),  sodiun  poly(styrene  sulfonate),  50%  sulfonated  (50-NaPSS), 
po1y(nithaci7l1c  acid-methylmethacrylate),  20%  carboxylated  (PMM),  and 
sodium  poly(anethole  sulfonate),  100%  sulfonated  (NaPAS)  were  obtained  from 
Polysciences.  Sodium  poly(styrene  sulfonate),  6%  sulfonated  (6-NaPSS)  was 
a  gift  from  R.  0.  Lundberg  of  Exxon  Research  and  Engineering  Company. 
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Ml  11  IQ  (nrilllpore  Water  Systems)  and  triply  distilled  water  were  used. 

All  other  reagents  and  solvents  were  of  the  highest  grade  obtainable. 

Polymer  Purification.  PMM  and  6-NaPSS  were  used  as  received  and  dissolved 
in  dimethyl  sulfoxide.  The  Nafion  solution  (5)  was  dialyzed  against  50:50 
ethano1-H20  for  three  days;  the  ethano1-H20  on  the  outside  of  the  dialysis 
tube  was  changed  every  six  hours.  After  dialysis,  the  concentration  of 
the  solution  was  determined  by  evaporating  a  volume  to  dryness  and 
weighing  the  residue.  All  other  polymers  were  dissolved  in  water  and 
recrystallized  from  acetone.  Aqueous  stock  solutions  (0.1  to  0.5  w/v%) 
were  prepared  from  the  recrystallized  materials.  While  these  solutions 
should  be  quite  stable,  fresh  solutions  were  prepared  before  each  study. 

Luminescence  Titration  Procedure.  Luminescence  titrations  were  performed 

2+ 

by  adding  a  known  volume  of  a  solution  of  the  lumophore  (either  Ru(bpy)2 
or  da’*’)  to  a  quartz  cuvette,  obtaining  the  initial  luminescence  spectrum, 
and  then  adding  Increments  of  the  stock  polymer  solution  to  the  cuvette, 
obtaining  spectra  after  each  addition.  The  cuvette  solution  was 
thoroughly  mixed  after  each  addition.  The  Na*  forms  of  all  of  the 
polyanions  were  used,  except  in  studies  aimed  at  determining  the  effect  of 
HgO^,  where  the  proton  forms  were  used.  The  Na'*’  forms  of  Nafion  and  PMM 
were  prepared,  inmediately  before  use,  by  adding  carefully  measured 
volumes  of  an  NaOH  solution  to  tiie  polymer  solutions.  In  cases  where  a 
non-aqueous  solvent  was  used  to  dissolve  the  polymer  (Nafion,  6-NaPSS  and 
PMM)  Increments  of  the  solvent,  without  polymer,  were  added  to  lumophore 
solutions  and  luminescence  spectra  obtained.  These  blank  titrations  were 
run  to  be  sure  that  the  small  (generally  less  than  about  50  uL)  amounts 
of  organic  solvent  added  did  not  affect  the  luminescence  of  the  fluorophore. 


4 


No  effects  were  observed. 

A  Spex  Fluorolog  2  spectrofluorometer  was  used;  RuCbpy)^  and  OA 
were  excited  at  450  and  336  nm,  respectively.  Quantum  yields  were 
determined  ifilng  a  modified  Parker  and  Rees  method  (19). 

Acid-Base  Titrations.  The  proton  forms  of  100-NaPSS  and  50-NaPSS  were 
prepared  via  Ion  exchange  using  a  column  of  Bio-Rad's  analytical  grade 
macroporous  cation  exchange  resin  (AG  MP-50).  The  concentrations  of  the 
polymer  solutions  were  determined,  after  conversion  to  the  form,  by  ‘ 
evaporating  and  weighing.  Aqueous  solutions  of  the  form  polymers  were 
titrated  with  NaOH  using  phenol  red  as  the  indicator. 

RESULTS  AND  DISCUSSION 

Theoretical  Considerations.  When  a  solution  of  a  poly anion  is  added  to  a 


solution  of  a  probe  cation,  a  probe  cation  may  bind  to  an  anionic  site  on 
the  polymer  chain,  producing  a  so-called  complex  (18);  these  reactions  may 
be  described  by 

+  S'-Na"^  ?  C  +  Na"^  (1 ) 

where  L'*’  Is  the  luminescent  probe,  S'-Na'*’  is  an  anionic  site  on  the  polyion 
(which  Initially  has  Na'*’  as  Its  counterion),  and  C  Is  a  complex.  For 
simplicity,  1:1  stoichiometry  Is  assumed  In  equation  1.  The  extent  of  this 
reaction  Is  determined  by  the  magnitude  of  the  equilibrium  constant, 

K  (14,18,20-26). 


[L*][S--Na*] 


The  basis  of  the  titration  procedure  proposed  here  Is  that  the  quantum 
yield  for  the  complexed  lumophore  (i^^)  Is  greater  than  that  for  the 
free  lumophore  ((^|^)  (10,11).  Therefore,  as  polylon  Is  added  to  the 
lumophore  solution,  an  Increase  In  emission  Intensity  Is  observed. 

Typical  emission  spectra  for  the  cationic  probes  DA  and  Ru(bpy)2  ,  which 
demonstrate  this  effect,  are  shown  In  Figure  1. 

Because  the  concentration  of  lunophore  Is  low,  the  emission  Intensity 
before  the  addition  of  any  polylon  (1^)  Is  given  by  (27) 

lo  ■  (3) 

where  A  Is  a  constant  and  [L]^  Is  the  Initial  concentration  of  the 
lunophore.  Because  the  absorptivltles  of  the  lumophores  used  here  do  not 
change  upon  binding  to  the  polylon  (16),  the  emission  Intensity  after  the 
addition  of  an  Increment  of  polylon  solution  (I)  Is  given  by  (27). 

I  -  A^JL]  +  A^^CC]  (4) 

When  sufficient  polylon  Is  added,  essentially  all  of  the  lumophore  will 
become  complexed  and  I  will  reach  a  maximum  value  (I,pg^)  (23),  given  by 

^max  *  ^♦c^*'^o 

(Equation  5  assumes  that  such  small  volunes  of  polylon  solution  are  added 
•that  there  Is  no  dilution.)  Mathematical  modeling  (Figure  2)  shows  that 
If  K  and  the  concentration  of  polyelectrolyte  are  sufficiently  large, 
will  be  reached  after  a  small  excess  of  polyelectrolyte  solution  has  been 
added.  Standard  (28)  extrapolation  procedures  may  then  be  used  to  identify 
the  equivalence  point  volume  (Figure  2). 
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If  the  concentration  of  the  polymer  solution  (Cp)  is  known,  the 
equivalence  point  volume  (V^)  can  be  used  to  calculate  the  EW  of  the 
polyanion. 

EW(g/mole)  =  V£(ni.)  x  Cp(g/rl)  x  1/moles  probe  (6) 

Alternatively,  if  the  EW  is  known,  Cp  may  be  calculated. 

Cp(g/nL)  =  X  EW(g/niole)  (7) 

Units  in  equations  6  and  7  are  given  in  parenthesis  and  1:1  stoichiometry 
between  the  probe  and  site  is  assumed. 


Evaluation  of  the  Titration  Procedure.  The  mathematical  simulations 
(Figure  2)  indicate  that,  as  is  the  case  in  any  titration  procedure, 
location  of  the  endpoint  volime  is  easiest  when  sharply  breaking  titration 
curves  are  obtained.  Figure  3  shows  that  the  probe  used  in  our  previous 
Study  (16),  Ru(bpy)2  ,  produces  gradually  breaking  curves  for  all  of  the 
polyelectrolytes  studied  here;  Ru(bpy)2  is  not  the  optimal  probe. 
Titration  curves  for  the  cationic  probe  DA'*’  are  shown  in  Figure  4.  These 
curves  have  much  sharper  breaks.  Subsequent  studies  of  the  accuracy  and 
precision  of  the  titration  procedure  used  DA^  as  the  probe  cation. 

The  precision  of  the  luminescence  titration  procedure  was  evaluated 
by  running  three  or  four  replicate  titrations  of  polyelectrolyte  solutions 
of  known  concentration  and  calculating  average  EWs  and  standard  deviations 
for  these  average  EWs.  The  Na'*’  forms  (vide  infra)  of  the  polyelectrolytes 
were  used.  Relative  standard  deviations  of  better  than  S%  were  obtained 
(Table  I).  Accuracy  was  evaluated  by  comparing  results  (average  EWs) 
obtained  from  the  luminescence  procedure  with  results  obtained  from  a 
standard  method  (acid-base  titration).  The  two  methods  produced  identical 


results  (Table  I).  Furthermore,  the  results  of  both  methods  agreed, 
within  experimental  error,  with  the  nominal  EW  values  specified  by  the 
supplier. 

As  indicated  by  the  mathematical  simulations  (Figure  2),  strong 
polyion-counterion  interactions  (i.e.,  large  K's)  are  required  if  sharply 
breaking  titration  curves  are  to  be  obtained.  It  has  been  well  documented 
that  the  strength  of  the  polyi on-counterion  interaction  is  enhanced  when 
hydrophobic  (as  well  as  electrostatic)  interactions  are  possible  (14-16). 
Because  hy dr jphobic  probes  are  used,  the  luminescence  titration  procedure 
described  here  would  be  expected  to  have  greater  applicability  to 
hydrophobic  polyanions.  The  data  shown  in  Figures  3  and  4  support  this 
conclusion  in  that  sharper  titration  curve  breaks  are  observed  for  the 
polyions  containing  hydrophobic  groups  (i.e.,  CF2  or  phenyl  rings).  This 
conclusion  is  also  supported  by  Meisel  and  Matheson  who  found  that 
polyvinyl  sulfate  (a  hydrophilic  polyanion)  has  no  effect  on  the  emission 
spectrum  of  Ru(bpy)2^^*  (29). 

For  the  titration  procedures  described  here  to  be  practical,  there 
must  be  minimal  interference  from  monomeric  ions.  The  most  cormon  and 
potentially  most  significant  source  of  such  interference  is  what  we  will 
call  mass  action  interference.  Mass  action  interference  results  from  the 
effect  of  Na**"  (or  other  cation)  on  the  position  of  equilibrium  in  equation 
1.  In  the  presence  of  added  salt,  the  position  of  equilibrium  should 
shift  to  the  left  causing  more  curvature  in  the  luminescence  titration 
curve  (Figure  5).  The  severity  of  this  type  of  interference  will  depend 
on  the  magnitude  of  the  probe-polyion  binding  constant.  Because  the 
binding  constants  for  Nafion  and  the  styrene-based  polyions  are  so  large, 
huge  excesses  of  salt  can  be  tolerated  (16).  For  example,  Figure  5  shows 
the  curve  for  the  titration  of  2.3  x  lO”®  M  DA^  with  100-NaPSS,  in  the 


8 


presence  of  10"^  M  NaCl.  Despite  the  greater  than  400- fold  excess  of  Na'*’, 
the  equivalence  point  volume  can  still  be  easily  determined.  Species  which 
quench  the  excited  state  of  the  probe  may  also  act  as  interferants.  We  are 
currently  identifying  species  which  strongly  quench  DA'*’*  so  that  the 
severity  of  this  potential  source  of  interference  can  be  evaluated. 

In  any  analytical  procedure*  it  is  important  to  know  the  lowest  level 
of  analyte  which  can  be  reliably  determined.  Unfortunately,  as  is  the 
case  with  many  analytical  methods  (30),  the  lowest  polyion  concentration 
which  can  be  reliably  titrated  using  this  procedure  will  depend  on, 
among  other  factors,  whether  interferants  are  present.  In  the  simplest 
case  (no  interferants),  the  detection  limit  is,  in  principle,  determined 
by  the  magnitude  of  the  probe-polyion  binding  constant.  In  practice, 
however,  lower  polyion  concentrations  will  necessitate  using  lower  probe 
solution  concentrations.  The  detection  limit  for  this  method  is, 
therefore,  ultimately  limited  by  the  quantum  yield  of  the  probe  and  the 
magnitude  of  the  change  in  the  quantum  yield  upon  binding.  With  the 
current  probe,  DA”*’,  we  have  successfully  titrated  Nafion  solutions  with 
concentrations  as  low  as  0.047%. 

The  Effect  of  HjO'*'.  The  data  presented  to  date  show  that  the  Na'*’  forms 
of  Nafion  and  the  styrene-based  polyanions  can  be  reliably  titrated  using 
DA'*’  as  the  probe  cation.  Titrations  involving  the  acid  forms  of  these 
polyions  were,  however,  unsuccessful;  titration  curves  like  that  shown 
in  Figure  6a  were  typically  obtained.  The  rather  drastic  decrease  in 
emission  as  the  acid  form  of  the  polyanion  is  added  to  the  DA^  solution 
suggests  that  the  quantum  yield  for  DA**  is  pH  dependent.  Figure  6b 
confirms  this  pH  dependence  in  that  a  steady  decrease  in  emission  intensity 
for  DA'*’*  is  observed  when  either  HCl  or  HCIO^  is  added  to  a  DA'*’  solution. 


It  Is  of  Interest  to  note  that  for  equivalent  amounts  of  addedt  the 
decrease  In  emissinn  produced  by  the  polyacid  Is  much  greater  than  the 
decrease  produced  by  the  simple*  monomeric  acids  (Figure  6).  A  possible 
explanation  of  this  phenomenon  Is  as  follows: 

It  Is  well  known  that  the  local  concentration  of  the  counterion  In 
the  nricroenvlronment  around  a  polyelectrolyte  chain  can  be  much  higher  than 
the  bulk  solution  concentration  (16«I1 ).  When  Is  the  counterion, 
this  means  that  the  local  pH  around  the  polyelectrolyte  chain  Is  much 
lower  than  the  bulk  solution  pH.  ITterefore,  DA***  bound  to  chains  containing 
some  protonated  -SO^*  sites  will  experience  a  local  pH  which  Is  much  lower 
than  the  bulk  solution  pH  obtained  upon  addition  of  an  equivalent  amount 
of  monomeric  acid  (HCl  or  HCIO^).  Because  of  this  lower  microdomain  pH, 
the  emission  Intensity  for  the  probe  In  the  polyacid  solution  Is 
attenuated  more  than  the  Intensity  for  the  probe  In  the  monomeric  acid 
solution. 

Future  studies  will  focus  on  the  Interesting  pH  effect  shown  In 
Figure  6.  From  the  analytical  point  of  view,  however,  the  data  In  Figure  6 
mean  that  the  proton  forms  of  the  polyelectrolyte  cannot  be  titrated  using 
the  procedure  described  here. 

Determination  of  a,.  According  to  equations  3  and  5, 

'ma/'o  ■  ♦(/♦l  <8) 

If  Iq  and  can  be  obtained  from  the  titration  procedure  described  here, 
and  If  Is  known,  can  be  easily  calculated  from  equation  8.  The 
quantum  yield  of  the  complex  Is  of  Interest  because  It  1s  an  Indicator  of 
the  nature  of  the  probe-site  Interaction  (18)  and  because  It  can  be  useful 
In  a  determination  of  the  binding  constant.  To  test  the  reliability  of 


equation  8,  we  compared  for  RuCbpy)^  -  Naflon,  obtained  using  the 
method  of  Parker  and  Rees  (19)  (alkaline  fluorescein  as  reference),  with 
calculated  using  equation  8.  The  data  obtained  are  shown  In  Table  II. 

The  agreement  between  the  two  methods  Is  excellent. 

CONCLUSIONS 

We  have  developed  a  new  l.uninescence  titration  procedure  for 
determination  of  either  the  EW  of  a  polyanion  or  the  concentration  of  the 
polyanion  In  solution.  Extension  of  the  method  to  titrations  of 
polycations  seems  likely  but  would  require  a  suitable  anionic  luminescence 
probe;  we  are  currently  searching  for  such  a  probe.  The  luminescence 
method  Is  quick,  easy  and  reliable.  Acid-base  titrations  of  polyelectrolytes 
can  also  be  quick,  easy  and  reliable.  We  have  found,  however,  that 
sulfonated  polymers  are  often  contaminated  with  the  monomeric  acids  used 
during  the  sulfonatlon  procedure.  Because  of  this,  acid-base  titrations 
frequently  produce  spuriously  low  EWs.  The  luminescence  procedure  described 
here  Is  not  affected  by  this  contamination.  For  example,  acid-base 
titration  of  our  1100  EW  Naflon  gave  an  EW  of  1026  before  dialysis  and  an 
EW  of  1093  after  dialysis.  The  luminescence  procedure  produced  the  same 
EW  both  before  and  after  dialysis.  Freedom  from  Interference  from 
monomeric  acid  Is  a  major  advantage  of  the  lunrinescence  procedure. 
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Figure  1.  Effect  of  addition  of  various  aliquots  of  a  0.1  (w/v)%  solution 
of  100-NaPSS  on  the  emission  spectra  of  solutions  of  (a)  DA  (4.0  x  10  N, 
volume  «  2  mL);  (1)  -  0  wL.  (2)  -  6  uL,  (3)  -  9  uL.  (4)  *  12  yL.  (5)  =  15  uL 
(6)  ■  18  yL»  (7)  ■  28  uL  added;  (b)  RuCbpy)^^''’  (1.0  x  10“®,  volume  =  1  mL); 
(1)  -  0  wL,  (2)  -  1  wL.  (3)  -  3  uL,  (4)  -  3.8  yL.  (5)  »  8  yL.  (6)  -  10  yL. 

Figure  2.‘  Simulated  titration  curves  (see  text);  (a)  K  =  1000,  (b)  K  =  100, 
(c)  K  *  10.  Vertical  line  marks  theoretical  equivalence  point.  Sloping 
and  horizontal  lines  show  extrapolations. 

2+ 

Figure  3.  Titration  curve  using  Ru(bpy)2  as  the  lumophore.  Vertical 

2+ 

line  marks  theoretical  equivalence  point.  Ruibpy)^  titrated  with  (a) 
Nafion,  0.474%,  (b)  NaPAS,  0.1%.  (c)  100>NaPSS.  0.1%,  (d)  6-NaPSS.  0.5%, 

(e)  NaPMi.  0.2%. 

Figure  4.  Titration  curves  using  as  the  lumophore.  Vertical  line 
marks  theoretical  equivalence  point.  Horizontal  and  sloping  lines  show 
extrapolations.  The  polymers  used  and  concentrations  are  the  same  as 
in  figure  3. 

Figure  5.  Titration  of  2.28  x  10’®  M  DA"^  with  0.1%  100-NaPSS  in  the 
presence  of  10’^  M  NaCl.  Compare  curvature  to  figure  4c. 

Figure  6.  Effects  of  adding  A.  increments  of  a  0.315%  50-PSS  (proton 
form)  solution  B.  Increments'  of  a  1.0  x  10  M  HCIO^  solution  to  2  nt  of 

Tc  w  ia'S  u  nii+ 


Table  I.  Accuracy  and  precision  of  the  luminescence  method. 


Polymer 

Nominal  EW^ 

Measured  EU 

Acid-Base  Luminescence 

{  Difference*^ 

Naflon 

1100 

1093  ±  23 

1096 ±  18 

0.3 

lOO-PSS*^ 

206 

209  ±  1 

208  ±  5 

in 

• 

o 

1 

50-PSS® 

338 

333^  3 

334i  15 

0.3 

^EW  Specified  by  supplier. 

■ 

difference  between 

lunlnescence 

and  acid-base 

results. 

form  used  In  acid-base  titration;  Na^  form  used  In  luminescence  titration; 
EWs  expressed  as  Na'*’  form. 


Table  IL  Quantum  yields  for  RuCbpy)^^"^  and  RuCbpy)^^  -  Nafion  complex. 


Ru(bpy)3^ 

Ru(bpy),^^  -  Nafion 


Parker-Rees  Method 


0.040‘ 


0.075 


Equation  8 


0.077 


*[Ru(bpy)3^'’‘]  *  1  X  10“®M,  Molarity  of  Nafion  SOj  sites  =  4  x  10"®  M. 

1200  E.W.  Nafion. 

^Literature  value:0.042.  K.  Kalyanasundaram,  Coord.  Chem.  Rev.  1982,  46, 
159. 


•  .'v.  .V 


CREDIT 


This  work  was  supported  In  part  by  the  Office  of  Naval  Research. 


0 


10 


20 


30 


40 


uL  Moles  H+  added 


!?MS!fMrwW5RoCKJl 


94 /GEN 


TECHNICAL  REPORT 
No. 

Cooios 

OEfieo  dt  Naval  Rasaareh 

Accn:  Coda  413 

800  North  Quincy  Straae 

Arlington »  Virginia  22217  2 

ONR  Paaadana  Dctachmant 

Attn:  Dr.  R.  J.  Mareua 

1030  East  Graan  Straat 

Paaadana,  California  91106  1 

Coanandar,  Naval  Air  Systama  Conaand 
Attn:  Coda  3 IOC  (H.  Roaanwaaaar) 

Dapartaant  of  tha  Navy 

Waahington,  D.C.  20360  1 

Oafanaa  Tachnical  Inforaation  Centar 
Building  S,  Caaaron  Station 
Alaxandria,  Virginia  22314  12 

Dr.  Frad  Saalfald 

Chaaiatry  Divlaion,  Coda  6100 

Naval  Raaaareh  Laboratory 

'/laahington,  0.C.  20375  1 

O. S.  Am;  Raaaareh  Offica 
Attn:  CRD-AA-IP 

P.  0.  Box  12211 

Raaaareh  Triangla  Park,  N.C.  27709  1 

t 

Mr.  Vineant  Sehapar 
DTNSRDC  Coda  2803 

Annapolia,  Maryland  21402  1 

Naval  Oeaan  Systaaa  Cantar 

Attn:  Dr.  S.  Yaoaaoto 

Marina  Seianeaa  Diviaion 

San  Diago,  California  91232  1 


DISTRIBUTION  LIST.  GEN 


Co 

Naval  Ocean  Systems  Center 
Attn:  Mr.  Joe  McCartney 
San  Diago,  California  92152 

Naval  Weapons  Center 
Attn:  Dr.  A.  B.  Amster,  ' 

Chemistry  Division 
China.  Lake,  California  93555 

Naval  Civil  Engineering  Laboratory 

Attn:  Dr.  R.  W.  Drisko 

Port  Hueneme,  California  93401 

Dean  William  Tolies 
Naval  Postgraduate  School 
Monterey,  California  93940 

Scientific  Advisor 
Coasaandant  of  the  Marine  Corps 
(Code  RD-1) 

Washington,  D.C.  20380 

I 

Naval  Ship  Research  and  Development 
Canter 

Attn:  Dr.  G.  Bosmajlan,  Applied 
Chemistry  Division 
Annapolis,  Maryland  21401 

Mr.  John  Boyle 

Materials  Branch 

Naval  Ship  Engineering  Center 

Philadelphia,  Pennsylvania  19112 

Mr.  A.  M.  Anzalone 
Administrative  Librarian 
PLASTEC/ARRADCOM 
Bldg  3401 

Dover,  Nav  Jersey  07801 


t  m  •  WAtei  •  * 

94/359 


TECHNICAL  REPORT  DISTRIBPTION  LIST.  359 


No. 

Cootos 


Dr.  Paul  Dalahay 
Oapartaaat  of  Chaaiaery 
Nav  fork  Dnlvarsity 
Nav  7ork.  Nav  York  10003 

Dr.  E.  Yaagar 
Oapartaane  of  Chaalacry 
Casa  Uastara  Raaaxva  Dnlvarsity 
Clavaland,  Ohio  41106 

Dr.  D.  N.  Bannloo 

Dapartaane  of  Chaaieal  Englnaarlng 

Brlghaa  Young  Dnlvarsity 

Provo*  Dtah  84602 

Dr.  R.  A.  Marcus 
Dapartaant  of  Chaaistry 
California  Instltuta  of  Technology 
Pasadana*  California  91123 

Dr.  J.  J.  Aubom 

Ball  Laboratorlas 

Murray  Hill*  Nav  Jarsay  07974 

Dr.  Adaa  Ballar 

Ball  Laboratorlas 

Murray  Kill,  Nav  Jarsay  07974 

Or.  T.  Katsn 
Lockhaad  Mlssllas  and 
Space  Co.*  Inc. 

P.  0.  Box  304 

Sunnyvale,  California  94088 

Or.  Joseph  Singer*  Coda  302'*1 
NASA-Lavis 

21000  Brookpark  Road 
Cleveland*  Ohio  44133 

Or.  B.  Bruanar 
EIC  Incorporated 
33  Chapel  Street 
Newton*  Massachusetts  02138 

Library 

P.  R.  Mallory  and  Company,  Inc. 
Northwest  Industrial  Park 
Burlington*  Massachusetts  01803 


Dr.  P.  J.  Handra 
Dapartmanc  of  Chemistry 
Dnlvarsity  of  Southampton 
Southaaipeon  SOO  SNB 
Dnltad  Kingdom 

Dr.  Sam  Perona 
Chemistry  &  Materials 
Science  Department 
Laurence  Livermore  National  Lab. 
Livermore,  California  94S50 

Dr.  Royec  W.  "Murray 
Department  of  Chemistry 
Dnlverslty  of  North  Carolina 
Chapel  Hill,  North  Carolina  27514 

Naval  Ocean  Systems  Center 
Attn:  Technical  Library 
San  Diego*  California  92132 

Dr.  C.  E.  Mueller 
The  Electrochemistry  Branch 
Materials  Division*  Research  and 
Technology  Department 
Naval  Surface  Weapons  Center 
White  Oak  Laboratory 
Silver  Spring*  Maryland  20910 

Or.  G.  Goodman 
Johnson  Controls 
3757  North  Green  Bay  Avenue 
Milwaukee*  Wisconsin  53201 

Dr.  J.  Boechler 
Electrochlffllca  Corporation 
Attn:  Technical  Library 
2485  Charleston  Road 
Mountain  Yiew,  California  94040 

Dr.  P.  P.  Schmidt 
Department  of  Chemistry 
Oakland  Dnlvarsity 
Rochester,  Michigan  48063 


1 


*♦  /  / 10 

94/359 


TECHNICAL  REPORT  DISTRIBOTION  LIST.  359 


No. 

Ccoloo 

Dr.  H.  Rleheol 

ChoalaexT  Doporcaonc 

Ronsoolaor  Polytaehale  lastltut* 

Troy*  Nov  York  12181  1 

Or.  A.  B.  Ellis 

Choaisery  Dopsrcaone 

Univorsicy  of  Wisconsin 

Hsdison*  Wisconsin  33706  1 

Or.  M.  Wrigheon 
Chosiscry  Dopsrtaone 
Msssschusoccs  Institute 
of  Technology 

Csabridgo*  Msssschusotts  02139 
Larry  E.  Plow 

Naval  Weapons  Support  Center 

Code  30736,  Building  2906 

Crane*  Indiana  473^2  1 

S.  Ruby 
OOE  (STOR) 

600  E  Street 

Providence*  Rhode  Island  02192  1 

« 

Or.  Aaron  Wold 

Brovn  University 

Departaent  of  Cheaistry 

Providence*  Rhode  Island  02192  1 

Dr.  R.  C.  Chudacek 
McGrav-Edison  Company  . 

Edison  Battery  Division 
Post  Office  Box  28 

Blooafield*  New  Jersey  07003  1 

Dr.  A.  J.  Bard 

University  of  Texas 

Departaent  of  Cheaistry 

Austin*  Texas  78712  1 

Or.  H.  M.  Nicholson 
Electronics  Research  Center 
Rockwell  International 
3370  Miraloaa  Avenue 

Anaheia*  California  1 


N! 

Cop 

Dr.  R.  P.  Ven  Duyne 
Departaent  of  Chemistry 
Northwestern  University 
Evanston*  Illinois  60201 

Dr.  B.  Stanley  Pons 
Department  of  Cheaistry 
University  of  Alberta 
Edmonton*  Alberta 

CANADA  T6G  2G2  I 

Dr.  Michael  J.  Weaver 

Department  of  Chemistry 

Michigan  State  University 

East  Lansing*  Michigan  48824  ] 

Dr.  R.  David  Rauh 
EIC  Corporation 
33  Chapel  Street 

Newton*  Massachusetts  02138  1 

Dr.  J.  David  Marge rum 

Research  Laboratories  Division 

Hughes  Aircraft  Company 

3011  Malibu  Canyon  Road 

Malibu*  California  90265  I 

Dr.  Martin  Fleischmann 

Departaent  of  Chemistry 

University  of  Southampton 

Southampton  509  5NH  England  1 

Or.  Janet  Osteryoung 
Department  of  Chemistry 
State  University  of 
New  York  at  Buffalo 

Buffalo*  New  York  14214  1 

Dr.  R.  A.  Osteryoung 
Departaent  of  Chemistry 
State  University  of 
New  York  et  Buffalo 

Buffalo,  New  York  14214  1 


mm  PJiJ  *  Mjv  w '  !■  j  'J  ■>  ■-»  ■>  ■■  ■'  ’■■.■■ 


<4/  ^ :u«u>i :  /  iO~^ 

94/359 


TECHNICAL  RgPORT  DISTRIBUTION  LIST.  359 


No. 

Coplos 

Dr.  Ooiiaid  H.  Ernst 

Nsvsl  Surfses  Wsspons  Csnesr 

Cods  R-33 

Whies  Osk  Lsborstory 

Silvsr  Spring t  Msrylsnd  20910  1 

Dr.  E.  Novsk 

Nsvsl  Rssssreh  Lsborstory 
Cods  6130 

Wsshlngton,  D.C.  20375  1 

Dr.  John  F.  Boullhsn 

Shsnsngo  Vsllsy  Csapus 

Psnnsylvsnls  Ststs  tJnlvsrsley 

Shsron*  Psnnsylvsnls  16146  1 

Dr.  D.  F.  Shrlvsr 

Dspsrtosnt  of  Chsnlstry 

Northvssesm  Onlvsrslty 

Evsnston,  Illinois  60201  1 

Or.  0.  H.  Whleaors 

Dspsrtasnt  of  Msesrlsls  Selsnes 

Northvssesm  Dnlvsrslty 

Ersnseon.  Illinois  60201  1 

Dr.  Alsn  Bswlck 
Dspsrtasnt  of  Chsalstry 
Ths  Dnlvsrslty 
Souehsapeon,  S09  5NH  Englsnd 

Or.  A.  Hiay 
NA7SEA-5433 
NC  #4 

2541  Jsffsrson  Osvls  Hlghvsy 
Arlington,  Virglnls  20362 

Or.  John  Klnesld 

Ksasn  Sclsncss  Corporstlon 

1911  Jsffsrson  Davis  Hwy. ,  Suits  1200 

Arlington,  Virginia  22202 


N 

922 

Mr.  Jaass  R.  Modsn 
Nsvsl  Undsrvstar  Systeas 
Csnesr 
Cods  3632 

Nsvport,  Rhods  Island  02840 

Dr.  Bsmsrd  Splslvogsl 
U.  S.  Aray  Rssssreh  Of flea 
P.  0.  Box  12211 

Rssssreh  Trlsngls  Park,  NC  27709 

Dr.  Dsneon  Elliott 
Air  Fores  Offiea  of 
Scisntlfle  Rsseareh 
Bolling  AFB 

Washington,  D.C.  20332 

Dr.  David  Alkens 
Chsalstry  Dspsrtasnt 
Rsnssslssr  Polytaehnie  Institute 
Troy,  Nsv  York  12181 

I 

Dr.  A.  P.  B.  Lsvsr 

Chsalstry  Dspsrtasnt 

York  Dnlvsrslty 

Downsvlsv,  Ontario  H3JIP3 

Canada  ] 

Dr.  Stanislav  Szpak 
Naval  Oesan  Systeas  Center 
Code  6343 

San  Diego,  California  95 152  ] 

Dr.  Gregory  Farrington 
Dspartaent  of  Materials  Selenee 
and  Engineering 
Dnlvsrslty  of  Pennsylvania 
Philadelphia,  Pennsylvania  19104 

1 

Dr.  Bruce  Dunn 
Dspartaent  of  Engineering  6 
Applied  Selsnes 
Dnlvsrslty  of  California 
Los  Angeles,  California  90024 


94/359 


TECHMICAL  REPORT  DISTHIBUTIOM  LIST.  359 


M.  L.  Robertson 
Msnstor.  Eloecroehoaicsl 
snd  Povor  Sonicss  Division 
Nsvsl  Uospons  Support  Center 
Crsne*  Indisns  47522  1 

Or.  Elton  Ceims 

Energy  &  Environnent  Division 

Lsvrenee  Berkeley  Leborstory 

University  of  California 

Berkeley,  California  94720  1 

Dr.  Mleha  Tonklewics 
Departaent  of  Physics 
Brooklyn  College 

Brooklyn,  New  York  11210  1 

Dr.  Lesser  Blua 
Departaent  of  Physics  . 

University  of  Puerto  Rico 

Rio  Piedras,  Puerto  Rico  00931  1 

Or.  Joseph  Gordon,  II 
IBM  Corporation 
K33/281 

5600  Cottle  Road 


San  Jose,  California  95193  1 

Dr.  Robert  Soooano 
Jet  Propulsion  Laboratory 
California  Institute  of  Technology 
Pasadena,  California  91103  1 

Or.  Johann  A.  Joebstl 

USA  Mobility  Equlpnent  R&D  Connand 

DRSME-EC 

Fort  Belvior,  Virginia  22060  1 

Dr.  Judith  H.  Aabrus 
NASA  Headquarters 
M.S.  RTS-6 

Washington,  D.C.  20546  1 

Or.  Albert  R.  Landgrebe 
U.S.  Departaent  of  Energy 
M.S.  6B025  Forrestal  Building 
Washington,  D.C.  20595  1 


Dr.  T.  Marks 
Departaent  of  Cheaistry 
Northwestern  University 
Evanston,  Illinois  60201 

Dr.  D.  Clpris 
Allied  Corporation 
P.  0.  Box  3000R 
Morristown,  New  Jersey  07960 

Dr.  M.  Philpot 

IBM  Corporation 

5600  Cottle  Road 

San  Jose,  California  95193 

Dr.  Donald  Sandstroa 
Washington  State  University 
Departaent  of  Physics 
Pullaan,  Washington  99164 

Dr.  Carl  tCannewurf 
Northwestern  University 
Departaent  of  Electrical  Engineering 
and  Cooputer  Science 
Evanston,  Illinois  60201 

Dr.  Edward  Fletcher 
University  of  Minnesota 
Departaent  of  Mechanical  Engineering 
Minneapolis,  Minnesota  55455 

Dr.  John  Fontanella 
U.S.  Naval  Academy 
Departaent  of  Physics 
Annapolis,  Maryland  21402 

Dr.  Martha  Grcenblatt 

Rutgers  University 

Departaent  of  Cheaistry 

New  Brunswick,  New  Jersey  08903 

Dr.  John  Wassib 

Kings  Mountain  Specialties 

P.  0.  Box  1173 

Rings  Mountain,  North  Carolina  28086 


472:GAN:716-4 

94/359 


TECHNICAL  REPORT  DISTRIBOTION  LIST,  359 

No.  ^ 

Coplos  Cop 

Dr.  J.  j.  Brophy 

Uttlvprsley  of  Utah 

Dapartaant  of  Physics 

Sale  Uka  City,  Utah  84112  1 

Or.  tfaltar  Roth 

Dapartaant  of  Physics 

Stats  Univarsiey  of  Nav  Tork 

Albany,  Nav  Tork  12222  1 

Dr.  Thoaas  Davis 

National  Buraau  of  Standards 


Polyaar  Scianca  and 
Standards  Division 

Washington,  O.C.  20234  1 

Or.  Charlas  Martin 

Dapartaant  of  Chaaistry 

Taxas  AAM  Univarsity  1 

Dr.  Anthony  Saaaalls 

Inseituea  of  Gas  Tachnology 

3424  South  Stats  Straat 

Chicago,  Illinois  60616  1 

Dr.  H.  Tachikava 

Dapartaant  of  Chaaistry 

Jackson  Stats  Univarsity 

Jackson,  Mississippi  39217  I 

Dr.  W.  M.  Risan 
Dapartaant  of  Chaaistry 
Brovn  Univarsity 

Providanca,  Rhoda  Island  I 


